This study validated a simplified factorial method for measuring energy expenditure (EE) against EE measured by doubly labelled water (DEE), and investigated whether adjustment for excess post-exercise oxygen consumption (EPOC) and thermic effect of food (TEF) as described by Institute of Medicine (2002) improved the factorial measure. Seventeen normal weight subjects (10 females, seven males) were recruited from among university staff and students. Factorial EE was measured using a 16-activitycategory method, published energy costs of activities and measured basal metabolic rate, before (FEE) and after (FEE adj ) adjustment for EPOC and TEF, and by DEE. FEE underestimated daily EE by 14.6% relative to DEE (P ¼ 0.000), but this underestimate was improved to 5.1% (P ¼ 0.071) when FEE was adjusted for EPOC and TEF. Individual differences between DEE and FEE adj ranged from À20.2 to 17.6%, with 88% of subjects showing differences of less than 712%.
Introduction
Food energy requirements are best determined from estimates of energy expenditure (EE), and factorial methods based on activity levels expressed as multiples of basal metabolic rate (BMR) have been proposed to do this (IOM, 2002; WHO/FAO/ UNU, 2004) . However, factorial methods may underestimate usual energy needs (IOM, 2002) , and this may be partly owing to the failure to account for (1) greater increases in daily EE than estimated from measured energy costs of activities as a result of the induction by exercise of an increase in EE for some time after the exertion has been completed (excess post-exercise oxygen consumption, or EPOC) and (2) the thermic effect (TEF) of the extra food needed to cover the energy cost of the activity (IOM, 2002) . Thus, a modified factorial approach that incorporates factors to account for EPOC and TEF has been recommended (IOM, 2002) . Regardless of the method used, it is difficult to accurately describe or record the myriad of activities performed throughout the day and simple approaches to diary recording are needed for subject acceptance (Bratteby et al., 1997) .
The aim of this study was to validate a simplified factorial method of estimating daily EE against EE measured by doubly labelled water (DEE), and to investigate whether adjustment for EPOC and TEF as suggested by IOM (2002) improved the factorial estimate.
Subjects and methods
Seventeen, normal weight non-smokers (10 females, seven males) with sedentary occupations but variable levels of leisure activity were recruited from among university staff and students. Time spent in 16 activity categories (see Table 1 ) was recorded for 28 days to the nearest 1-5 min on time sheets. Daily EE was measured using a factorial method before (FEE) and after (FEE adj ) adjustment for EPOC and TEF, and by using DEE. BMR was measured using a ventilated hood as described previously (Warwick and Baines, 1996) . FEE was calculated from the time spent in each activity category and its energy cost, as described previously (Warwick, 1989) , except that the energy cost of the first on-foot category (F1 in Table 1 ) was increased from 2.0 to 2.5 because subjects had difficulty in differentiating between F1 and F2 activities and because good agreement between FEE and 24 h EE in a respiration chamber was obtained using the value of 2.5 (Warwick et al., 1988; Warwick and Busby, 1993 ). The energy costs in Table 1 are compatible with those listed by IOM (2002) and FAO/WHO/UNU (2004) . FEE was adjusted to account for EPOC and TEF exactly described by IOM (2002) , that is, by multiplying the energy expended in standing, walking and exercise activities over and above those necessary for a sedentary lifestyle by 1.278. This value assumes 15% energy expenditure for EPOC and 9% for TEF (1.15/0.9 ¼ 1.278). In the present study, the first 120 min of on foot (F1 þ F2) activities were not included in the adjustment as they were assumed to be part of a sedentary lifestyle. This amount of time was chosen because Table 12 .2 of IOM (2002) lists 112 min of active-type activities as part of a sedentary lifestyle, and because studies from this laboratory have shown that 24 h EE measured in a whole-body respirometer is about 1.3-1.4 Â BMR when subjects spend 90-120 min/day 'on their feet' but not exercising (unpublished data from several studies). DEE was measured in the middle of the study exactly as described previously (Warwick and Baines, 1996) , except that DEE was calculated over 8 days in all subjects and equation (2) of Speakman et al. (1993) was used after modification to incorporate the measured 2 H 2 -to-18 O dilution space ratios (1.051470.020 in males and 1.028070.018 in females). All data manipulation and statistical analyses were carried out using the MINITAB package (Minitab Inc., State College, PA, USA). Statistical differences were assessed with paired Student's t-tests. Differences between measures of EE were also assessed with the method of Bland and Altman (1986) . The study was approved by the Human Ethics Committee of this university.
Results and discussion
The physical characteristics of the subjects, and daily EE by FEE and DEE methods (mean7s.d.) , and differences between the methods are shown in Table 2 . FEE adj was 9% higher than FEE, with individual differences ranging from 3.5 to 13.3%. FEE was underestimated by 14.6% relative to DEE, but this was improved to 5.1% (P ¼ 0.071) when FEE was adjusted for EPOC and TEF. Some studies have also found factorial underestimation of daily EE (Haggarty et al., 1994; Leonard et al., 1997) , but others have reported overestimation (Alfonzo-Gonzalez et al., 2004; Walsh et al., 2004) , or no difference between FEE and DEE measures (Bratteby et al., 1997; Jones et al., 1997; Morio et al., 1997; Withers et al., 1998; Seale et al., 2002) . Such discrepancies are very likely owing to differences in methods used to determine BMR and energy costs of activities, the number of activity categories used and the accuracy of estimates or records of time spent in activities, all of which affect the precision of factorial methods. Indeed, IOM (2002) states that errors in the calculation of physical activity levels using the energy costs of activities in their tables are of minor importance (2002) adjustment process is that the 15% EPOC factor was derived from a single report, which examined activities at 70% of maximal heart rate (Bahr et al., 1987) , and may not be applicable to all activities. Thus, it might be more appropriate to apply the EPOC factor only to those activities with energy costs of greater than about 4 Â BMR, and then to apply the TEF adjustment. However, in the present study simply increasing the energy costs of all our active activities (standing, walking and exercise) by 30% would have resulted in very close agreement between FEE and DEE (0.6% higher, P ¼ 0.808).
Some studies have reported that the degree of underestimation of EE by factorial methods increased with increasing daily EE (Haggarty et al., 1994; Leonard et al., 1997) . Using a Bland-Altman analysis (Bland and Altman, 1986) where DEE minus FEE (or FEE adj ) is plotted against the average of the two EEs, this relationship was also found in the present study before adjusting for EPOC and TEF (r ¼ 0.663, P ¼ 0.004), but not after this adjustment (r ¼ À0.378, P ¼ 0.134), or after increasing the cost of active activities by 30% (r ¼ 0.163, P ¼ 0.532).
In the present study, individual differences between DEE and FEE adj ranged from À20.2 to 17.6%, with differences of less than 712% in 88% of subjects. Had we applied the 30% increase in energy cost to all active activities, 94% of subjects would have shown differences of less than 712.8%. Many other studies have reported acceptable factorial estimates for groups but less acceptable estimates for individuals (Bratteby et al., 1997; Morio et al., 1997; Withers et al., 1998) .
In conclusion, FEE was underestimated in a group of normal weight subjects and this difference was improved after adjustment for EPOC and TEF as outlined by IOM (2002) . Increasing the energy costs of all active activities by 30% also resulted in close agreement between FEE and DEE. (Bland and Altman, 1986) where 95% CI is for the bias, and limits is the limits of agreement in MJ/day (the mean difference in daily EE as estimated by the two methods 72 s.d.).
